Spectral mixtures of hyperspetral data often display nonlinear mixing effects. This paper develops locally linear weighted estimation (LLWE) based on two of the best known algorithms of manifold learning, Isomap and LLE. Studying on in situ spectral reflectance data, Spectral reflectance of four kinds of the mixed land-cover types in different percentages was measured and preliminarily analyzed. The model LLWE was verified by predicting the abundacne of main land-cover types. Compared with principal component regression (PCR) and partial least squares regression (PLSR), the results of the standard error of prediction show that the LLWE has better predictability. It' s recommended that the proposed LLWE has the potential for the information extraction of mixed land cover types in hyperspectral remote sensing imagery.
INTRODUCTION
Spectral unmixing(SU) is a major issue for hypespectral data.Hypespectral data records only a mixed signature of distinct surface materials. It needs to unmix the observed pixel spectrum into its constituent spectra. The resulting linear mixing model (LMM) has been widely adopted in the literature and has provided some interesting results. However, as discussed in [1] , the LMM can be inappropriate for some hyperspectral images. Nonlinear mixing models provide an interesting alternative to overcome the inherent limitations of the LMM [2] ,unmixing has been handled by extensively modeling the source of the nonlinear effects(e.g.mutiple reflectance and scattering). Other more fl exible unmixing techniques for dealing with nonlinearity have been also proposed to handle wider classes of nonlinearities, including radial basis function networks postnonlinear mixing models and kernel-based models [3] .
An alternative technique for dealing with nonlinearities in hyperspectral data sets is performing a nonlinear dimensionality reduction (DR), yielding a low embedding subspace, following by traditional algorithm based on the linear mixing assumption. Manifold learning (ML) for nonlinear DR uses a geometrically oriented approach (e.g.,LLE [4] , Isomap [5] ). ML has been used as a preprocessing step for SU. The strategy is,first,to use nonlinear methods for DR,and then to apply usual linear methods on reduced datapoints [6] .more recently,ML is used widely to identify the endmembers from the data associated with this manifold [1] [2] .
In this paper, similarly, our approach assumes that the mixed spectral data lie on a manifold. Studying on in situ spectral reflectance data, Based on one of the best known algorithms of ML, LLE and Isomap,this study proposes a novel model named locally linear weighted estimation model (LLWM). A nonlinear DR for the mixed spectral data is first performed with improved Isomap algorithm. The mixed spectral data in high-dimensional space are mapping into a single global coordinate system of lower dimensionality. In low-dimensional space, spectrally close datapoints are expected to have similar abundance vectors. based on LLE,each datapoints and its neighbors to lie on or close to a locally linear patch of the manifold, so, the local properties of each neighborhood are represented by the linear interpolations that closely approximate the data, so we can also consider that the abundance of the point can be estimated by the a linear combination of abundances of its neighbors.
In this paper, Spectral reflectance of four kinds of the mixed land-cover types in different percentages was measured and preliminarily analyzed. The model LLWM is verified by predicting the abundance of main land-cover types. Compared with principal component regression (PCR) [7] and partial least squares regression(PLSR) [8] ,the result shows that the LLWM has better predictability. This study indicates that manifold learning has the potential for the information extraction of mixed pixel spectrum in hyperspectral imagery. 
THE ALGORTIHM
Where  is added to prevent
.from increasing too fast.  depends on the density of the data set, in this paper,  is the average of neigbors points
using the following formula:
In this paper, Different from the first step of Isomap, the neighborhood relationships of the datapoints and the neighborhood graph 
). In addition, another possibility is to connect every point to all theirs nearest neighbors points within a given radius  . We did no use this type of graphs since k -nearest neighbors yielded good results.
Next, in the low p -dimensional space, to calculate the abundance of the test sample.we proposed a new modeling method named locally linear weighted estimation (LLWE) for the subspace spectral unmixing. Using following algorithm:
(1) The embedding of s X in the p -dimensional space can be generalized via Nystrom formula [9] 
IN SITU MEASUREMENTS
A total of 40 randomly distributed samples were collected. Each sample covered relatively homogeneous vegetation and contained different proportions of photosynthetic vegetation (PV), non-photosynthetic vegetation (NPV), bare soil (Soil) and exposed bedrock (Rock). So,the number of the endmembers is four(in Fig.1 ). The spectrum of each sample was measured using an SVC HR-1024 field portable spectrora-diometers .The spectrometer aperture with a fieldof-view of 25°was held 1.50m above the land surface in the nadir-viewing position(in Fig.2 ). Each sample was photographed A photographic method is used to estimate the abundance of PV, NPV, bare soil and exposed bedrock. By means of digital processing classification. The values of abundance are then calculated using a program coded in Interactive Data Language. 
EXPERIMENTS RESULTS AND DISCUSSIONS
Mixed spectral data are preliminarily processed and analyzed. They are then divided into a training set and test set using Kennard-stone division method, this method allows the training set has a representative, more evenly distributed. Finally we got the training set contains 30 data samples, the remaining data samples for the test set.
For all sample data, we also compared with linear spectral unmixing (LSU) to estimate abundance of PV,NPV,Soil,Rock. The results of the comparison are shown in Fig.3 . The results show that the LSU has not good correlation with abundance and coefficient of determination 2 R of regressions is less than 0.60. Where t a is the mth actual abundance and t a its estimated abundance by LLWE. m is the number of the test set.
The model LLWE is verified on the abundance of PV, NPV, Soil and Rock, respectively. For quantitative modelling technique PCR and PLSR, the principal components(PCs) can be computed by estimating intrinsic dimension of the training set, So PCs can be estimated by the first p largest eigenvalues.in Fig.4 .The result shows that the LLWE has better predictability. In addition, the proposed LLWE have high correlation coefficients with the abundance of PV, NPV and bare soil, with 
CONCLUSION
This article applies manifold learning algorithm to model the measured mixed spectral analysis. Four kinds of the main land-cover types are quantitatively analyzed. Spectral data are preprocessed via nonlinear dimension reduction.in lower dimensional space, the locally weighted analysis is proposed,and the better predictability for the abundances of mixed spectral data are achieved. The results show that the proposed model can be as a new quantitative estimation technology for mixed spectral data, while it can also provide new spectral analysis tools for mixed spectrum data, but also broadens the applications of manifold learning algorithm.
